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ABSTRACT 
6XJDUFDQH JURZHUV XVXDOO\ EXUQ WKHLU FDQH WR IDFLOLWDWH LWV
KDUYHVWLQJDQGWUDQVSRUWDWLRQ&DQHTXDOLW\WHQGVWRGHWHULRUDWH
DIWHUEXUQLQJVRLWPXVWEHGHOLYHUHGDVVRRQDVSRVVLEOHWR WKH
PLOOIRUSURFHVVLQJ7KLVVLWXDWLRQLVG\QDPLFDQGPDQ\IDFWRUV
LQFOXGLQJ ZHDWKHU FRQGLWLRQV GHOLYHU\ TXRWDV DQG SUHYLRXV
GHFLVLRQV WDNHQ DIIHFW ZKHQ DQG KRZ PXFK FDQH WR EXUQ  $
G\QDPLF %D\HVLDQ GHFLVLRQ QHWZRUN '%'1 ZDV GHYHORSHG
XVLQJDQLWHUDWLYHNQRZOHGJHHQJLQHHULQJDSSURDFKWRUHSUHVHQW
VXJDUFDQH JURZHUVۑ DGDSWLYH SUHKDUYHVW EXUQLQJ GHFLVLRQV  ,W
ZDVHYDOXDWHGDJDLQVWILYHGLIIHUHQWVFHQDULRVZKLFKZHUHFUDIWHG
WR UHSUHVHQW WKH UDQJHRI LVVXHVWKHJURZHU IDFHVZKHQPDNLQJ
WKHVHGHFLVLRQV7KH'%'1ZDVDEOHWRDGDSWUHDFWLYHO\WRGHOD\V
LQ GHOLYHULHV DOWKRXJK WKH PRGHO GLG QRW KDYH HQRXJK VWDWHV
UHSUHVHQWLQJ GHOD\HG GHOLYHU\ VWDWXVHV  7KH PRGHO DGDSWHG
SURDFWLYHO\WRUDLQIRUHFDVWVEXWRQO\DGDSWHGUHDFWLYHO\WRKLJK
ZLQGIRUHFDVWV7KH'%'1LVDSURPLVLQJZD\RIPRGHOOLQJVXFK
G\QDPLFDGDSWLYHRSHUDWLRQDOGHFLVLRQV

CCS CONCEPTS 
ۚ Computing methodologies ݽ Artificial intelligence
Knowledge representation and reasoning 3UREDELOLVWLF UHDVRQLQJ
5HDVRQLQJ DERXW EHOLHI DQG NQRZOHGJH ۚ Mathematics of 
computing ݽ Probability and statistics Probabilistic 
representations%D\HVLDQQHWZRUNV'HFLVLRQGLDJUDPV


3HUPLVVLRQWRPDNHGLJLWDORUKDUGFRSLHVRIDOORUSDUWRIWKLVZRUNIRUSHUVRQDO
RU FODVVURRP XVH LV JUDQWHGZLWKRXW IHH SURYLGHG WKDW FRSLHV DUH QRWPDGH RU
GLVWULEXWHGIRUSURILWRUFRPPHUFLDODGYDQWDJHDQGWKDWFRSLHVEHDUWKLVQRWLFHDQG
WKHIXOOFLWDWLRQRQWKHILUVWSDJH&RS\ULJKWVIRUFRPSRQHQWVRIWKLVZRUNRZQHG
E\RWKHUV WKDQ$&0PXVWEHKRQRUHG$EVWUDFWLQJZLWKFUHGLW LVSHUPLWWHG7R
FRS\RWKHUZLVHRUUHSXEOLVKWRSRVWRQVHUYHUVRUWRUHGLVWULEXWHWROLVWVUHTXLUHV
KEYWORDS 
'\QDPLF %D\HVLDQ GHFLVLRQ QHWZRUN DGDSWLYH RSHUDWLRQDO
GHFLVLRQV FRJQLWLYH PRGHO VXJDUFDQH JURZHU EXUQLQJ DQG
KDUYHVWLQJVXJDUFDQH

ACM Reference format: 
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QHWZRUN WR UHSUHVHQW JURZHUVۑ DGDSWLYH SUHKDUYHVW EXUQLQJ
GHFLVLRQVLQDVXJDUFDQHVXSSO\FKDLQ. In 2018 Annual Conference 
of the South African Institute of Computer Scientists and 
Information Technologists (SAICSIT 2018), September 26-28, 2018, 
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1 INTRODUCTION 
7KHVXJDU VXSSO\FKDLQ LVPDGHXSRI WZRSDUWV WKHVXJDUFDQH
VXSSO\ FKDLQ DQG WKH GLVWULEXWLRQ FKDLQ >@  ,Q WKH VXJDUFDQH
VXSSO\FKDLQWKHVXJDUFDQHLVJURZQDQGWUDQVSRUWHGWRWKHPLOO
ZKHUHDVLQWKHGLVWULEXWLRQFKDLQWKHVWDELOLVHGUDZVXJDUSURGXFW
LVWUDQVSRUWHGWRPDUNHWVDQGRWKHUSURFHVVRUV>@7KHVXJDUFDQH
VXSSO\ FKDLQ LV SDUWLFXODUO\ FRPSOH[ > @ GXH WR ELRSK\VLFDO
FKDOOHQJHV WKDW LQFOXGH YDU\LQJ ZHDWKHU FRQGLWLRQV GLIIHUHQW
VRLOVDQGYDULDWLRQLQFURSJURZWKDQGWKHPDQ\SDUWLFLSDQWVLQ
WKHFKDLQ>@

$QDJHQWEDVHGVLPXODWLRQZDVGHYHORSHGWRPRGHOWKHWUDQVSRUW
FRPSOH[LWLHVRID.ZD=XOX1DWDO.=1VXJDUFDQHVXSSO\FKDLQ
>@,QWKLVPRGHOWKHJURZHUDJHQWVKDUYHVWHGFDQHGDLO\ZLWKRXW
WDNLQJLQWRDFFRXQWXQFHUWDLQWLHVVXFKDVWKHZHDWKHUKRZPXFK
SULRU VSHFLILF SHUPLVVLRQ DQGRU D IHH 5HTXHVW SHUPLVVLRQV IURP
3HUPLVVLRQV#DFPRUJ
SAICSIT '18, 6HSWHPEHUۋ3RUW(OL]DEHWK6RXWK$IULFD
k$VVRFLDWLRQIRU&RPSXWLQJ0DFKLQHU\
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FDQH WKH\ KDG DOUHDG\KDUYHVWHG RU KRZ IDU EHKLQG WKH\ZHUH
ZLWKWKHLUGHOLYHULHV$OOWKHVHIDFWRUVPDNHJURZHUVۑKDUYHVWLQJ
GHFLVLRQVFRPSOH[DQGG\QDPLF*URZHUVQHHGWRDGDSWWKHLUSUH
KDUYHVW EXUQLQJ GHFLVLRQV WR WKHLU FXUUHQW VLWXDWLRQ HJ KRZ
PXFK FDQH LV FXUUHQWO\ UHDG\ WR EH WUDQVSRUWHG DQG ZKHWKHU
GHOLYHULHVDUHRQ WDUJHWRUEHKLQG 7KLV VLWXDWLRQFKDQJHVRYHU
WLPH GHSHQGLQJ RQ ZKLFK GHFLVLRQV ZHUH SUHYLRXVO\ WDNHQ
*URZHUVDOVRQHHGWRDQWLFLSDWHWKHHIIHFWVRIXQFHUWDLQZHDWKHU
HYHQWV IRU H[DPSOH UDLQ RU KLJK ZLQGV ZKLFK ZRXOG GLVUXSW
KDUYHVWLQJ DQG WKHUHIRUH GHOLYHU\  7KLV FRPSOH[LW\ DQG
G\QDPLVPQHHGVWREHPRGHOOHGVRWKDWDPRUHUHDOLVWLFFRJQLWLYH
PRGHORIWKHJURZHUۑVGHFLVLRQVFDQEHLQFOXGHGLQWKHVLPXODWLRQ
PRGHO

5HFHQW ZRUN RQ IDUPHUVۑ RSHUDWLRQDO GHFLVLRQV VXFK DV SUH
KDUYHVW EXUQLQJ VKRZV WKDW IDUPHUV GR QRW PDNH RSHUDWLRQDO
GHFLVLRQVRUSODQVRQFHDQGWKHQLPSOHPHQWWKDWSODQGDLO\ >@
5DWKHUWKH\PDNHDSDUWLDOSODQWKDWPRYHVWKHPWRZDUGVVRPH
JRDO PRQLWRU SURJUHVV WRZDUGV WKH JRDO DQG FKDQJH WKH SODQ
FRQWLQXRXVO\ >@  7KH\ PDNH GHFLVLRQV EDVHG RQ XQFHUWDLQ
LQIRUPDWLRQ XQH[SHFWHG HYHQWV HJ D VWRUP RU HTXLSPHQW
EUHDNLQJGRZQ WKHLURZQH[SHULHQFHDQGH[SHUWLVHDVZHOODV
WKHLUJRDOV FRQVWUDLQWV DQGSUHIHUHQFHV >@  )DUPHUVۑ GHFLVLRQV
WHQGWREHIOH[LEOHJLYLQJURRPIRUFKRRVLQJIXWXUHDOWHUQDWLYHV
>@ HVSHFLDOO\ ZLWK UHVSHFW WR WKH ZHDWKHU >@ 7KH\ PDNH
GHFLVLRQVZKLFK FDQ EH DGDSWHG WR GLIIHUHQW FLUFXPVWDQFHV >@
7KH\DQWLFLSDWHOLNHO\HYHQWVDQGXQFHUWDLQWLHVDQGLQFOXGHWKRVH
LQWKHLUSODQVEXWLIDQXQH[SHFWHGHYHQWRFFXUVWKH\DGDSWWKHLU
SODQVWRUHVSRQGWRWKHQHZVLWXDWLRQ>@

:KHQPRGHOOLQJVXFKXQFHUWDLQDQGFRPSOH[GRPDLQV%D\HVLDQ
GHFLVLRQ QHWZRUNV %'1V KDYH EHHQ XVHG  > @ EXW WKHVH
PRGHOVGRQRW WDNH FKDQJHVRYHU WLPH LQWR DFFRXQW +RZHYHU
G\QDPLF%D\HVLDQ GHFLVLRQ QHWZRUNV '%'1V H[WHQG%'1V WR
UHSUHVHQWFKDQJHRYHUWLPH7KLVSDSHULQYHVWLJDWHVDQGHYDOXDWHV
'%'1V DV D PRGHOOLQJ DQG LQIHUHQFH WRRO WR UHSUHVHQW WKH
DGDSWLYH DQG G\QDPLF ZD\ WKDW VXJDUFDQH JURZHUV PDNH SUH
KDUYHVW EXUQLQJ GHFLVLRQV  7R RXU NQRZOHGJH PRGHOV RI
VXJDUFDQH JURZHUVۑ DGDSWLYH SUHKDUYHVWLQJ EXUQLQJ GHFLVLRQV
KDYHQRWEHHQGHYHORSHGWRGDWH

7KH OD\RXW RI WKLV SDSHU LV DV IROORZV ILUVW D OLWHUDWXUH UHYLHZ
GHVFULELQJ %D\HVLDQ QHWZRUNV WKHLU XVH LQ DJULFXOWXUH DQG
VXJDUFDQHVXSSO\FKDLQVLVJLYHQ)DFWRUVDIIHFWLQJWKHJURZHUۑV
SUHKDUYHVWEXUQLQJGHFLVLRQVDUHDOVRSURYLGHG7KLVLVIROORZHG
E\ WKH PHWKRGRORJ\ ZKLFK RXWOLQHV KRZ WKH '%'1 ZDV
GHYHORSHGDQGHYDOXDWHG7KHGHVFULSWLRQRIWKHGHYHORSHGPRGHO
LVIROORZHGE\LWVHYDOXDWLRQ)LQDOO\FRQFOXVLRQVDQGIXWXUHZRUN
DUHRXWOLQHG

2 LITERATURE REVIEW 
2.1 Bayesian networks 
%D\HVLDQQHWZRUNVDUHXVHIXOIRUPDOLVPVIRUUHSUHVHQWLQJFDXVH
HIIHFW UHODWLRQVKLSV XQGHU XQFHUWDLQW\ > @  %D\HVLDQ
QHWZRUNVDUHGLUHFWHGDF\FOLFJUDSKV>@7KLVPHDQVWKDWWKH\
FDQQRWKDYHIHHGEDFNORRSV,Q%D\HVLDQQHWZRUNVFKDQFHQRGHV
UHSUHVHQWYDULDEOHV(DFKQRGHKDVWZRRUPRUHGLVFUHWHPXWXDOO\
H[FOXVLYH DQG H[KDXVWLYH VWDWHV >@  (DFK QRGH FRQWDLQV D
FRQGLWLRQDOSUREDELOLW\WDEOH&37ZKLFKFRQWDLQVWKHSUREDELOLW\
RIHDFKRIWKHVWDWHVRFFXUULQJ7KHQRGHVDUHOLQNHGZLWKGLUHFWHG
DUFVZKLFKUHSUHVHQWDFDXVHHIIHFWUHODWLRQVKLS>@7KHFDXVDO
DUURZVEHWZHHQQRGHVDOVRUHIOHFWKRZKXPDQVWKLQN>@

0DNLQJ LQSXWV LQWR D %D\HVLDQ QHWZRUN LV FDOOHG UHFRUGLQJ
HYLGHQFH(YLGHQFHFDQEHHQWHUHGLQRQHRUPRUHQRGHVDWDQ\
WLPHDQGWKHHYLGHQFHZLOOUHSODFHWKHa priori&37YDOXHV>@
$V RQH HQWHUV HYLGHQFH WKH %D\HVLDQ QHWZRUN XSGDWHV WKH
OLNHOLKRRGVRIHDFKRIWKHVWDWHVRIWKHQRGHVXVLQJWKHFRQGLWLRQDO
SUREDELOLW\WDEOHV>@7KLVLVFDOOHGLQIHUHQFHRUEHOLHIXSGDWLQJ
7KLVPHDQVWKDWDIWHULQSXWWLQJRQHRUPRUHSLHFHVRIHYLGHQFH
WKHVWDWHRIWKHZKROHV\VWHPFDQEHGHWHUPLQHG>@%D\HVLDQ
QHWZRUNV REH\ WKH0DUNRY SURSHUW\ LQ WKDW HDFK QRGH LV RQO\
GHSHQGHQWRQWKHQRGHVWRZKLFKLWLVOLQNHG>@7KLVVLPSOLILHV
WKHLQIHUHQFHFDOFXODWLRQV>@

%D\HVLDQQHWZRUNVKDYHEHHQH[WHQGHGZLWKGHFLVLRQDQGXWLOLW\
QRGHV WR UHSUHVHQWGHFLVLRQPDNLQJXQGHUXQFHUWDLQ FRQGLWLRQV
>@7KHVH%D\HVLDQGHFLVLRQQHWZRUNV%'1VRU,QIOXHQFH
'LDJUDPVDVVXPHWKDWDOORIWKHGDWDQHHGHGIRUWKHGHFLVLRQLV
NQRZQEHIRUHPDNLQJWKHGHFLVLRQ $GLVDGYDQWDJHRI%'1VLV
WKDW WKH\GRQRWDOORZIHHGEDFN ORRSVVRWKH\FDQQRWUHSUHVHQW
KRZWKHQHWZRUNFKDQJHVRYHUWLPH

1RW DOORZLQJ IHHGEDFN ORRSV KDV EHHQ UHFWLILHG LQ G\QDPLF
%D\HVLDQQHWZRUNV'%1VZKLFKDUH%D\HVLDQQHWZRUNVZKHUH
WKHVWDWLF%D\HVLDQQHWZRUNLVUHSHDWHGIRUDQXPEHURIWLPHVOLFHV
>@7KHQHWZRUNDOVRKDVLQWHUVOLFHDUFVZKLFKVKRZKRZ
YDULDEOHVIURPRQHWLPHVOLFHDIIHFWYDULDEOHVLQWKHQH[WWLPHVOLFH
'\QDPLF%D\HVLDQGHFLVLRQQHWZRUNV'%'1VEXLOGRQ'%1VLQ
WKDWWKH\LQFOXGHGHFLVLRQDQGXWLOLW\QRGHV>@7KH'%'1FDQ
WKXVEHXVHGWRUHSUHVHQWDQDGDSWLYHGHFLVLRQPDNLQJSURFHVV

2.2 Models of operational farm decision 
making 
,QDJULFXOWXUDOVHWWLQJV%'1VKDYHEHHQXVHGIRUPDQ\VWUDWHJLF
DJULFXOWXUDOGHFLVLRQV>@+RZHYHUWKH\GRQRWUHIOHFWWKH
DGDSWLYH QDWXUH RI KRZ IDUPHUV DFWXDOO\ PDNH GDLO\ GHFLVLRQV
HVSHFLDOO\LQG\QDPLFHQYLURQPHQWV>@

,Q WKHLU UHYLHZ RI DGDSWDWLRQ LQ IDUP GHFLVLRQPDNLQJPRGHOV
5REHUWet al>@QRWHGWKDWIDUPHUVWHQGWRPDNHVWDWLFSODQVZKLFK
FRXOG LQFRUSRUDWH XQFHUWDLQWLHV DQG G\QDPLF GHFLVLRQV ZKLFK
ZRXOGDGDSWWRDVKRFNRURWKHUFLUFXPVWDQFHV7KH\IRXQGWKDW
UHFXUVLYHPRGHOVDQGGLVFUHWHVWRFKDVWLFSURJUDPPLQJZHUHXVHG
WRUHSUHVHQWERWKG\QDPLFDQGVWDWLFGHFLVLRQPDNLQJSURFHVVHV
%D\HVLDQ QHWZRUNV RU DQ\ H[WHQVLRQV WKHUHRI ZHUH QRW
PHQWLRQHG E\ 5REHUW et al >@ DV D SRVVLEOH IRUPDOLVP IRU
UHSUHVHQWLQJWKHVHW\SHVRIRSHUDWLRQDOGHFLVLRQV

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,Q DGGLWLRQ QRQH RI WKH PRGHOV UHYLHZHG E\ 5REHUW et al >@
PRGHOOHGIDUPHUVۑKDUYHVWLQJGHFLVLRQV7KLVLVSUREDEO\EHFDXVH
LQPRVW RWKHU FURSV WKHKDUYHVWLQJSHULRG LV VKRUWHU VR LV OHVV
OLNHO\ WR EH DIIHFWHG E\ ZHDWKHU HYHQWV DV KDUYHVWLQJ WKH
VXJDUFDQHFURSLV

2.3 Use of BNs in sugarcane supply chains  
,QWKHVXJDUFDQHDUHQD(YHULQJKDPet al>@DQG6KRQJZH>@
KDYH SURSRVHG %D\HVLDQ XSGDWLQJ WR KHOS SUHGLFW ORQJ WHUP
VXJDUFDQH \LHOGV DQG VKUHGGHU EUHDNGRZQV DW WKH PLOO
UHVSHFWLYHO\  'UXU\ et al >@ KDYH SURSRVHG WH[W PLQLQJ WR
JHQHUDWH D %1 RI IDFWRUV LQIOXHQFLQJ VXJDUFDQH \LHOG  ,Q WKH
OLWHUDWXUH JHQHUDOO\ WKH GHYHORSPHQW RI'%'1V LV VFDUFH  )RU
H[DPSOH LQ WKH PHGLFDO ILHOG '%'1V KDYH EHHQ SURSRVHG WR
UHSUHVHQW GHFLVLRQV RYHU WLPH > @  +RZHYHU QR '%1V RU
'%'1V ZHUH IRXQG UHODWLQJ WR WKH VXJDUFDQH VXSSO\ FKDLQ RU
JURZHUVۑSUHKDUYHVWEXUQLQJGHFLVLRQV

2.4 Factors aﬀecting pre-harvest burning 
decisions for sugarcane growers 
7KH VXJDUFDQH KDUYHVWLQJ VHDVRQ LV D UHODWLYHO\ ORQJ RQH
FRPSDUHG WR RWKHU DJULFXOWXUDO FURSV >@  ,Q .ZD=XOX1DWDO
6RXWK $IULFD FDQH LV KDUYHVWHG IURP PLG0DUFK WR
2FWREHU1RYHPEHU >@ 7KLVPHDQV WKDWZHDWKHU SDUWLFXODUO\
UDLQIDOOFDQDQGGRHVSOD\DGLVUXSWLYHSDUWLQKDUYHVWLQJWKHFDQH
DQGWUDQVSRUWLQJLWWRWKHPLOO>@$VFDQHLVJHQHUDOO\EXUQHG
EHIRUHLWLVKDUYHVWHGKLJKZLQGVFDQDOVRGLVUXSWWKHKDUYHVWLQJ
SURFHVVLIWKHUHDUHUXQDZD\ILUHV>@,IFDQHLVWRRZHWZKHQLW
LVEXUQHGWKHJURZHUZLOOEHWUDQVSRUWLQJOHDYHVDQGFDQHWRWKH
PLOOLQVWHDGRIMXVWFDQH>@

7KH GHFLVLRQ RI KRZPXFK FDQH WR EXUQ LV FKDOOHQJLQJ IRU WKH
JURZHU)LUVWO\XQFHUWDLQW\PXVWEHWDNHQLQWRDFFRXQW7KHUHLV
XQFHUWDLQW\ UHJDUGLQJ WKH ZHDWKHU DQG WKH JURZHUۑV EHOLHI RI
ZKDWWKHZHDWKHUZLOODFWXDOO\EHOLNHJLYHQWKHZHDWKHUIRUHFDVW
7KHJURZHUDOVRQHHGVWRWDNHLQWRDFFRXQWKLVEHOLHILQKRZGU\
WKHFDQHLV6HFRQGO\JURZHUVQHHGWREHIOH[LEOHLQWKHLUGHFLVLRQ
PDNLQJ,QWKHVXJDUFDQHVXSSO\FKDLQVHWWLQJJURZHUVDQWLFLSDWH
LPSHQGLQJUDLQVRUZLQGLQWKHLUEXUQLQJGHFLVLRQVE\VRPHWLPHV
EXUQLQJ PRUH WKDQ RQH GD\ۑV GHOLYHU\ TXRWD LQ DGYDQFH >@
+RZHYHU LI WKHUH LV D ORQJ SHULRG RI VRIW VRDNLQJ UDLQ ZKLFK
PDNHVWKHFDQHWRRZHWWREXUQ>@WKH\PDNHGHFLVLRQV
WRFDWFKXSZLWKWKHLUGHOLYHULHVRQFHWKHFDQHLVGU\HQRXJKWR
EXUQ  7KH WKLUG FKDOOHQJH LQ WKH EXUQLQJ GHFLVLRQ LV WKH WLPH
IDFWRU*URZHUVQHHGWRGHOLYHUDFRQVLVWHQWYROXPHRIFDQHWRWKH
PLOOHDFKZHHNRIWKHPLOOLQJVHDVRQ6RPHPLOOVLPSRVHSHQDOWLHV
LI WKLV LVQRWGRQH  ,QDGGLWLRQJURZHUVFDQQRWEXUQWRRPXFK
FDQHDWRQHWLPHEHFDXVHWKHFDQHۑVTXDOLW\GHFOLQHVRQEXUQLQJ
>@  'HOLYHULQJ FDQH ZKLFK ZDV EXUQHG PRUH WKDQ  KRXUV
EHIRUHKDQGWRWKHPLOOFDQULVNSHQDOWLHVRIORVVRILQFRPHWRWKH
JURZHUHVSHFLDOO\LIFDQHTXDOLW\LVXVHGDVRQHRIWKHIDFWRUVLQ
(WKLFDOFOHDUDQFH+66
GHWHUPLQLQJ WKH FDQHSULFH DW WKHPLOO  ,QPDNLQJ WKHEXUQLQJ
GHFLVLRQWKHJURZHUZLOOWU\WRPLWLJDWHWKHVHULVNV

3 METHODOLOGY 
*URZHUVDQGWKHFDQHSURFXUHPHQWPDQDJHURID.ZD=XOX1DWDO
PLOOZHUHLQWHUYLHZHGWROHDUQWKHLUGHFLVLRQUXOHVDQGXQGHUVWDQG
KRZWKHLUFDQHGHOLYHULHVZRUNHG7KHQHFHVVDU\HWKLFDOFOHDUDQFH
ZDVJUDQWHG

7KH LWHUDWLYH NQRZOHGJH HQJLQHHULQJ DSSURDFK WR FUHDWLQJ
%D\HVLDQQHWZRUNV >@ZDVXVHGWRGHYHORSWKH'%'1 7KHUH
DUH WKUHHPDLQZD\V RI FRQVWUXFWLQJ D%D\HVLDQQHWZRUN  7KH
QHWZRUNFDQEHFUHDWHGPDQXDOO\LWFDQEHJHQHUDWHGIURPGDWD
RU D FRPELQDWLRQ RI ERWK >@  0DQXDO FRQVWUXFWLRQ LQYROYHV
HQJDJLQJ H[SHUWV DQG VWDNHKROGHUV WR KHOS EXLOG WKH QHWZRUN
3XEOLVKHGSDSHUVFDQDOVREHXVHGWRLQIRUPWKHVWUXFWXUHDQGRU
FRQGLWLRQDOSUREDELOLWLHV>@

,QWKLVVWXG\WKHK\EULGDSSURDFKZDVXVHG7KHVWUXFWXUHRIWKH
۔ZHDWKHUەSDUWRIWKHQHWZRUNZLQGPD[LPXPWHPSHUDWXUHDQG
UDLQZDVGHVLJQHGPDQXDOO\'DLO\ZHDWKHUGDWDIURP-DQ
WR'HFIRUWKHPLOODUHDZHUHGRZQORDGHGIURPWKH6$6$
ZHDWKHUSRUWDO>@:HDWKHUGDWDIRUWKHQH[WGD\ZHUHDGGHGWR
WKHVSUHDGVKHHWE\SKDVHVKL़LQJ WKHH[LVWLQJGDWDE\RQHGD\
3HDUVRQVFRUUHODWLRQWHVWVZHUHSHUIRUPHGWRHQVXUHWKDWHDFKRI
WKHZHDWKHUYDULDEOHVZHUHQRWFRUUHODWHG>@ौH&37VRIWKH
ZHDWKHUYDULDEOHVZHUHLPSRUWHGXVLQJ1HWLFD>@ۑV([SHFWDWLRQ
0D[LPLVDWLRQDOJRULWKP%DVHGRQLQWHUYLHZVZLWKWKHPLOOۑVFDQH
SURFXUHPHQW PDQDJHU DQG JURZHUV WKH UDLQIDOO &37V ZHUH
DGMXVWHGWRUHਮHFWZKHWKHUWKHUDLQZDVGUL]]OHRUWKXQGHUVKRZHU
LQ WKH VXPPHU PRQWKV 'HFHPEHU WR 0DUFK IRU ORZ GDLO\
UDLQIDOOVRIPPKDOIZDVDVVXPHGWREHWKXQGHUVKRZHUVDQG
WKHRWKHUKDOIZDVDVVXPHGWREHGUL]]OH$PRXQWVRIUDLQRYHU
PPZDVDVVXPHGWREHWKXQGHUVKRZHUV)RUWKHUHVWRIWKH\HDU
DOO ORZ DPRXQWV RI GDLO\ UDLQ PP ZHUH DVVXPHG WR EH
GUL]]OH ZKLOH DPRXQWV !PP ZHUH DVVXPHG WR EH
WKXQGHUVKRZHUV

7KHQHWZRUNZDVWKHQLPSRUWHGWR+XJLQYHU>@WRDOORZWKH
FUHDWLRQRIPRUHWKDQQRGHVDQGWKHVWUXFWXUHRIWKH'%'1
ZDVGHYHORSHGE\KDQGE\WKHILUVWDXWKRUEDVHGRQLQWHUYLHZV
ZLWK WKH PLOOۑV FDQH SURFXUHPHQW PDQDJHU DQG JURZHUV DQG
OLWHUDWXUH1RGHDQGVWDWHQDPHVZHUHFKHFNHGIRUYDJXHQHVV>@
DQGHGLWHG LIQHFHVVDU\ 6WDWHVZHUHFKHFNHGWKDW WKH\FRYHUHG
WKHIXOOUDQJHRISRVVLEOHYDOXHVRIDQRGH>@ 7KHVHFRQG
DXWKRUFKHFNHGWKH'%'1VWUXFWXUH7KHUHPDLQLQJ&37VZHUH
FRPSLOHGE\KDQGE\WKHILUVWDXWKRU %DVHGRQWKH LQWHUYLHZV
OLWHUDWXUHDQGRZQDVVXPSWLRQV>@ WKHIROORZLQJ LQLWLDOVHWRI
UXOHVJXLGHGWKHFRPSOHWLRQRIWKH&37V
x FDQHZRXOGQRWEHEXUQHGLILWZDVZHW
x FDQHZRXOGDOVRQRWEHEXUQHGLIWKHUHZHUHKLJKZLQGV
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x FDQHFRXOGEHEXUQHG LI LWZHUHGDPSDQG WKHJURZHU
ZDVEHKLQGZLWKGHOLYHULHV
x LI GUL]]OH RU WKXQGHUVKRZHUV ZHUH IRUHFDVW IRU D
SDUWLFXODUGD\WKHJURZHUFRXOGVWLOOEXUQWKDWGD\LIWKH
FDQHZHUHGU\
x WKH FDQH GU\QHVV UHFRYHUV IDVW DIWHU WKXQGHUVKRZHUV
EXWVRIWVRDNLQJGUL]]OHZKLFKODVWVDIHZGD\VOHDYHVWKH
FDQHZHW
x ZHW RU GDPS FDQH GULHV EDVHG RQ WKH PD[LPXP
WHPSHUDWXUHDQGWKHZLQG
x FDQHFRXOGEHEXUQHGDQGKDUYHVWHGLQH[DFWO\LQWHJHU
PXOWLSOHVRIWKHGD\ۑVGHOLYHU\TXRWD
x JURZHUV FRXOG GHOLYHU XS WR WZR GD\ۑV FDQH GHOLYHU\
TXRWDRQRQHGD\DQG
x LIFDQHZDVEXUQHGWKHQLWFRXOGDOVREHKDUYHVWHGDQG
GHOLYHUHGRQWKHVDPHGD\ 

ौHFRQYHUJHQWDQGGLVFULPLQDQWYDOLGLW\RIWKHQHWZRUN>@ZDV
FKHFNHG E\ VHDUFKLQJ WKH OLWHUDWXUH IRU H[DPSOHV RI %1V RU
H[WHQVLRQVWKHUHRIUHODWLQJWRIDUPLQJVXJDUFDQHZHDWKHUDQG
KDUYHVWLQJGHFLVLRQV 

7KHSUHGLFWLYHYDOLGLW\ >@RI WKH'%'1ZDV WHVWHGE\DGGLQJ
HYLGHQFHIRUDOOWKHFRPELQDWLRQVRIYDULDEOHVIRUDWZRWLPHVOLFH
YHUVLRQ RI WKH QHWZRUN  $GMXVWPHQWV WR WKH &37V ZHUH PDGH
ZKHUH QHFHVVDU\  $ QXPEHU RI GLIIHUHQW VFHQDULRV ZHUH WKHQ
WHVWHG IRUPRUH WLPH VOLFHV HDFK WHVWLQJ GLIIHUHQW FRPELQDWLRQV
DQGFRPSOH[LWLHVRIWKHQHWZRUNFDVHEDVHGHYDOXDWLRQ>@$
VHW RI ILYH VFHQDULRV ZHUH FUDIWHG WR GHPRQVWUDWH WKH GLIIHUHQW
W\SHVRIFRPSOH[LW\WKHPRGHOQHHGHGWRDGGUHVVDQGUHSUHVHQW
WKHUDQJHRIGLIIHUHQWW\SHVRILVVXHVWKDWWKHJURZHUIDFHVZKHQ
PDNLQJWKHEXUQLQJGHFLVLRQ7KHVFHQDULRVDUH 
 %DVHOLQH VFHQDULR 0D\ ZHDWKHU ORZ ZLQG PHGLXP
WHPSHUDWXUHQRUDLQGU\FDQHGHOLYHULHVRQWDUJHW
 6LPLODUWRVFHQDULRH[FHSWWKDWGHOLYHULHVDUHEHKLQG
WKH\FDXJKWXSEXWEHFDPHEHKLQGDJDLQGXH WRFDQH
QRWEHLQJGHOLYHUHG
 6SULQJ'UL]]OHLVIRUHFDVW&DQHEHFRPHVZHW
 $XJXVWKLJKZLQGKLJKWHPSHUDWXUHV
 8VLQJ DFWXDO ZHDWKHU GDWD IURP 2FWREHU  ZLWK
GDPSFDQH
6FHQDULR  JLYHV D EDVHOLQH VLWXDWLRQ ZKHUH ZHDWKHU GRHV QRW
LQWHUUXSWEXUQLQJGHFLVLRQVDQGGHOLYHULHVDUHRQWUDFN6FHQDULR
 NHHSV WKH VDPHZHDWKHU FRQGLWLRQV EXW LQYHVWLJDWHV KRZ WKH
JURZHUFDWFKHVXSZLWKGHOD\HGGHOLYHULHV6FHQDULRLQWURGXFHV
ZHW ZHDWKHU ۋ SDUWLFXODUO\ GUL]]OH ۋ ZKLFK LV SUREOHPDWLF IRU
.ZD=XOX1DWDOVXJDUFDQHVXSSO\FKDLQV6FHQDULRORRNVDWKRZ
KLJK OHYHOVRIZLQGZRXOG DIIHFW WKHEXUQLQJGHFLVLRQ  )LQDOO\
VFHQDULRXVHVDFWXDOZHDWKHUGDWDIRUDUDLQ\SHULRGLQ2FWREHU
WRHYDOXDWHKRZWKHPRGHOUHVSRQGV7KHQHWZRUNZDVWKHQ
HYDOXDWHGDJDLQVWWKHVHVFHQDULRV




Figure 1: DBDN for deciding how much cane to burn each day (two time slices) 
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4 DBDN MODEL 
7ZR WLPH VOLFHV RI WKH '%'1 IRU UHSUHVHQWLQJ D VXJDUFDQH
JURZHUۑVEXUQLQJDQGKDUYHVWLQJGHFLVLRQVLVVKRZQLQ)LJXUH
RQWKHSUHYLRXVSDJH,WLVDVVXPHGWKDWWKHEXUQLQJGHFLVLRQIRU
DSDUWLFXODUGD\LVWDNHQHDUO\LQWKHPRUQLQJHJDP)DFWRUV
DIIHFWLQJWKHEXUQLQJGHFLVLRQVHH7DEOHDUH
x WKHJURZHUۑVEHOLHIRIWKHZLQGPD[LPXPWHPSHUDWXUH
DQG UDLQ W\SH JLYHQ WKH IRUHFDVW IRU WKHGD\ DQG WKH
PRQWK
x WKHJURZHUۑVEHOLHIRIWKHGU\QHVVRIFDQH
x WKHDPRXQWRIFDQHDOUHDG\EXUQHG
x WKHVWDWXVRIGHOLYHULHVRQWDUJHWRUEHKLQG
7KHFRQWLQXRXVZHDWKHUGDWDZHUHFDWHJRUL]HGLQWRWKUHHVWDWHV
VHH7DEOH:LQGLVPHDVXUHGLQDYHUDJHZLQGUXQLQNPSHU
GD\ WKHWRWDODPRXQWRIZLQGLQNPWKDWZDVH[SHULHQFHGDWD
SDUWLFXODUSODFHDQGPD[LPXPWHPSHUDWXUHLQͼ&7KHJURZHUۑV
EHOLHIRIWKHGU\QHVVRIFDQHLVDIIHFWHGE\WKHGU\QHVVRIFDQHRQ
WKH SUHYLRXV GD\ DVZHOO DV WKH SUHYLRXV GD\ۑV DFWXDOZHDWKHU
ZLQGPD[LPXPWHPSHUDWXUHDQGUDLQW\SH7KHDPRXQWRIFDQH
DOUHDG\EXUQHGRQRQHGD\GHSHQGVRQWKHDPRXQWRIFDQHWKDW
ZDVEXUQHGRQWKHSUHYLRXVGD\OHVVWKHDPRXQWGHOLYHUHGE\WKH
HQG RI WKH SUHYLRXV GD\  6XJDU PLOOV RIWHQ KDYH D UXOH WKDW
JURZHUVPD\QRWGHOLYHUFDQHWKDWLVROGHUWKDQKRXUVGXHWR
FDQH TXDOLW\ GHJUDGDWLRQ >@0LOOV DOVR KDYH UXOHV SUHYHQWLQJ
JURZHUV IURPRYHUGHOLYHULQJ GHOLYHULQJ LQDGYDQFH WRHQVXUH
IDLUQHVVDPRQJVWDOOWKHJURZHUVKHQFHWKHZRUVWGHOLYHU\VWDWH
EHLQJ۔0RUHWKDQGD\VEHKLQGە

5 RESULTS AND DISCUSSION 
5.1 Scenario 1 (base scenario): Low wind, 
medium temperature, no rain, dry cane, 
deliveries are on target 
7KHILUVWVFHQDULRGHVFULEHVZHDWKHUWKDWGRHVQRWSRVHDFKDOOHQJH
WR EXUQLQJ ORZZLQGPHGLXPPD[LPXP WHPSHUDWXUHQR UDLQ
7KLVLVW\SLFDORI0D\DQG-XQH,QWKLVFDVHWRRWKHGHOLYHULHV
DUHRQWDUJHWQRFDQHLVDOUHDG\EXUQHGDQGWKHJURZHUEHOLHYHV
WKDWWKHFDQHLVGU\$IWHUKDYLQJHQWHUHGWKHLQSXWVIRU'D\
Figure 2: Scenario 2 results.  Catching up on deliveries, not delivering (days 6 & 7) and catching up again 
Table 1: Nodes (and their states) which affect the burning 
decision 
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WKHQHWZRUNVXJJHVWVWKDWWKHJURZHUVKRXOGEXUQGD\ۑVFDQH
7KH JURZHU WKHQ WDNHV WKH DGYLFH WR EXUQ  GD\ۑV FDQH  7KH
ZHDWKHU RQ GD\  ZDV WKH VDPH DV WKH JURZHUۑV EHOLHI RI WKH
ZHDWKHU

2Q WKH QH[W GD\ GD\  WKH JURZHU HQWHUV KLV EHOLHIV RI WKH
ZHDWKHUIRUWKHGD\DVZHOODVWKHDPRXQWRIFDQHGHOLYHUHGRQ
WKH SUHYLRXV GD\  GD\ۑV FDQH ۋ LH ZKDW ZDV EXUQHG DQG
KDUYHVWHGRQWKHSUHYLRXVGD\ZDVGHOLYHUHGRQWKDWGD\WRR7KH
QHWZRUNWKHQGHGXFHVWKDWWKHFDQHLVGU\WKDWWKHUHLVQRFDQH
DOUHDG\ EXUQHG DQG WKDW WKH VWDWXV RI GHOLYHULHV LV RQ WDUJHW
6LPLODUWRWKHSUHYLRXVGD\WKHQHWZRUNVXJJHVWVEXUQLQJGD\ۑV
FDQH  ,I WKHQHWZRUNۑV VXJJHVWLRQVDUHDFFHSWHGDQGHQWHUHGDV
HYLGHQFHLQWRWKHQHWZRUNIRUDOOWKHIROORZLQJGD\VDQGZKDWLV
EXUQHGLVGHOLYHUHGWKHEXUQLQJGHFLVLRQUHPDLQVWREXUQGD\ۑV
FDQH :LWK DOO WKH VDPH YDOXHV WKH QHWZRUNZLOO FRQVLVWHQWO\
DGYLVHEXUQLQJGD\ۑVFDQH7KLVLVDVH[SHFWHG

5.2 Scenario 2:  Deliveries are behind, caught 
up and became behind again 
7KURXJKRXW VFHQDULR VHH)LJXUHRQ WKHSUHYLRXVSDJH WKH
ZHDWKHU UHPDLQV WKH VDPH ORZ ZLQG PHGLXP PD[LPXP
WHPSHUDWXUHDQGQRUDLQ&DQHLVEHOLHYHGWREHGU\DQGWKHUHLV
QRFDQHDOUHDG\EXUQHG+RZHYHUGHOLYHULHVVWDUWRXWPRUHWKDQ
WZRGD\VEHKLQG6LQFHGHOLYHULHVDUHEHKLQGDGUDVWLFPHDVXUHRI
EXUQLQJGD\ۑVFDQHRFFXUVRQGD\WZRRIZKLFKDUHGHOLYHUHG
GD\ۑVFDQHLVWKHQEXUQHGWKHQH[WGD\IROORZHGE\GD\IRUWKH
UHVWRIWKHVFHQDULR%\GHOLYHULQJGD\ۑVFDQHRQGD\VDQG
GHOLYHULHVDUHEDFNRQWUDFNE\GD\+RZHYHUGHOLYHULHVDUHQRW
PDGHRQGD\VDQGVRGHOLYHULHVDUHEHKLQGDJDLQEXWFDXJKW
XSE\GD\

7KLV VFHQDULR VKRZV WKHDGDSWDELOLW\RI WKHEXUQLQJGHFLVLRQWR
GHOLYHULHV,WVKRXOGEHVDLGWKRXJKWKDWLIGHOLYHULHVDUHEHKLQG
DQGQRGHOLYHULHVDUHPDGHWKHQHWZRUNZLOOFRQWLQXHWRVXJJHVW
WKDWRQHGD\ۑVFDQHEHEXUQHGۋWRNHHSXSZLWKGHOLYHULHVQRW
VKRZQ LQ )LJXUH   +RZHYHU WKLV ZLOO EH SUREOHPDWLF LI QR
GHOLYHULHVDUHPDGHIRUDQXPEHURIGD\VDVWKHFDQHTXDOLW\ZLOO
GHJUDGHDQGFDQHROGHUWKDQGD\VZLOOQRWEHDFFHSWHGDW WKH
PLOO,QWKLVFDVHWKHJURZHUXVHUZRXOGKDYHWRNHHSWUDFNRIWKH
DJHRIWKHFDQHDVZHOODVWKHTXDQWLW\DOUHDG\EXUQHGHDFKGD\

5.3 Scenario 3: Drizzle is forecast; cane 
becomes wet 
,QVFHQDULRVHH)LJXUHWKHZHDWKHUFKDQJHVRYHUWKHGD\V
7KHFDQHVWDUWVRXWGU\7KHHYLGHQFHHQWHUHGLQWRWKH۔*URZHUۑV
EHOLHI RI GU\QHVV RI FDQHە QRGH LV VKRZQ DERYH WKH ۔1HWZRUN
%HOLHIRIGU\QHVVRIFDQHJUDSKە   7KHDPRXQWRIFDQHDOUHDG\
EXUQHGLVVKRZQXQGHUWKLVIROORZHGE\WKHQHWZRUNۑVGHFLVLRQWR
EXUQ7KHDFWXDOQXPEHURIGD\VۑFDQHWKDWZHUHEXUQHGLVVKRZQ
Figure 3: Scenario 3 results.  Cane is dry, and drizzle is forecast; cane becomes wet and eventually dries out 
94
LQWKHURZEHORZ7KHDPRXQWRIFDQHDFWXDOO\GHOLYHUHGLVVKRZQ
LQWKHODVWURZ

2QGD\GUL]]OH LV IRUHFDVWDQGPDWHULDOL]HV :LWK WKHGUL]]OH
IRUHFDVW WKH QHWZRUN FRUUHFWO\ VXJJHVWV WKDW PRUH FDQH WKDQ
QRUPDOGD\ۑVGHOLYHU\TXRWDVKRXOGEHEXUQHGWRPLWLJDWHWKH
HIIHFWRIWKHZHWZHDWKHU7KLVPHDQVWKDWWKHJURZHULVRQHGD\
DKHDGLHGD\VEHKLQGEXWWKHUHLVQRVWDWHWRUHFRJQL]HWKLV
LQWKH۔6WDWXVRIGHOLYHULHVەQRGH:KHQLWGUL]]OHVIRUWZRGD\V
GD\VDQGWKHFDQHEHFRPHVGDPSWKHQZHW,WWDNHVDQRWKHU
WZR GD\V WR GU\ RXW  $V D UHVXOW EXUQLQJ KDUYHVWLQJ DQG
GHOLYHULHV DUHGHOD\HG 7KHQHWZRUNEHKDYHV DV H[SHFWHGKHUH
EXUQLQJFDQHLQDGYDQFHRIDVSHOORIZHWZHDWKHULVDFRPPRQ
SUDFWLFH>@$WDQRWKHUPLOOLQWKH.ZD=XOX1DWDOPLGODQGVLW
ZDVIRXQGWKDWLW WRRNWKHPLOO ILYHGD\VWRUHFRYHUIURPDUDLQ
HYHQW>@ZKLFKLVVLPLODUWRZKDWLVVKRZQLQ)LJXUH

5.4 Scenario 4: High wind, high temperatures 
6FHQDULRVKRZVZKDWRFFXUVZKHQ%HUJZLQGVKRWGU\ZLQGV
DUH IRUHFDVW  ,Q WKLV VFHQDULR WKH FDQH LV GU\ WKHUH LVQR FDQH
DOUHDG\ EXUQHG DQG GHOLYHULHV DUH RQ WDUJHW VHH )LJXUH 
%HFDXVH KLJK ZLQGV DUH IRUHFDVW DQG WKH JURZHU EHOLHYHV WKH
IRUHFDVWKHGRHVQRWEXUQFDQHWKDWGD\ ,QIDFWKHKDVWRZDLW
XQWLOWKHZLQGGLHVGRZQۋLQWKLVFDVHXQWLOGD\$WWKDWSRLQW
KHLVDEOHWRFDWFKXSZLWKEXUQLQJDQGGHOLYHU\DFWLYLWLHV

ौH JURZHU GRHV QRW EXUQ LQ KLJK ZLQG GXH WR WKH WKUHDW RI
UXQDZD\ਭUHV>@+RZHYHULQWKLVFDVHWKHQHWZRUNLVQRW
EHKDYLQJ DV WKH JURZHUZRXOG QRUPDOO\ WKH JURZHUZRXOG EH
VFDQQLQJ WKH IRUHFDVWV GD\V DKHDG DQG ZRXOG EH PDNLQJ
DGMXVWPHQWV EDVHG RQ KLV EHOLHI RI WKH XSFRPLQJ ZHDWKHU
+RZHYHUZLWK'%'1VWKH0DUNRYSURSHUW\VWDWHVWKDWRQHFDQ
RQO\DFFHVVQRGHVIURPWKHFXUUHQWDQGSUHYLRXVWLPHVOLFHVVRLQ
WKLVLQVWDQFHWKHQHWZRUNPDNHVWKHJURZHUIDOOIXUWKHUEHKLQG
WKDQKHZRXOGKDYHQRUPDOO\EHHQ

Figure 5: Scenario 5 results.  Actual weather 5 to 13 October 2016 was used.  Cane started out damp. 
Figure 4: Scenario 4 results.  High winds forecast 
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5.5 Scenario 5: Using October 2016 weather 
data 
)RUVFHQDULRDFWXDOZHDWKHUGDWDIRUWR2FWREHUIRU
WKHPLOODUHDZDVHQWHUHGLQWRWKHQHWZRUNVHH)LJXUHRQWKH
SUHYLRXVSDJH$VWKHUHKDGEHHQUDLQEHIRUH2FWREHULWZDV
DVVXPHGWKDWWKHFDQHZDVGDPS7KURXJKRXWWKLVVFHQDULRWKHUH
ZDVQRFDQHDOUHDG\EXUQHGDWWKHEHJLQQLQJRIHDFKGD\ 7KH
VWDWXV RI GHOLYHULHV ZDV JHQHUDOO\ EHKLQG  2Q GD\V  DQG 
GHOLYHULHV FDXJKWXSDELW EXW ODSVHGGXH WR WKHSHUVLVWHQWZHW
ZHDWKHU7KHQHWZRUNUHFRUGHGWKDWGHOLYHULHVZHUH۔0RUHWKDQ
GD\VEHKLQGەZKHUHDVLQIDFWWKH\ZHUHGD\VEHKLQGE\GD\
2QGD\VDQGFDQHZDVEXUQHGLQVSLWHRIWKHIDFWWKDWLWZDV
GDPS  7KLV ZDV DOORZHG EHFDXVH GHOLYHULHV ZHUH EHKLQGKDQG
7KLVVLWXDWLRQRIQRWEHLQJDEOHWREXUQFDQHDQGWKHUHIRUHQRW
GHOLYHULVFRPPRQGXULQJWKHGD\VRIH[WHQGHGUDLQIDOO>@ZKLFK
LVFRPPRQO\H[SHULHQFHGLQWKHVSULQJWLPH>@,QIDFWUDLQIDOO
HYHQWVKDYHDZLGHVSUHDGHIIHFWRQWKHVXJDUFDQHVXSSO\FKDLQDV
DZKROH>@

5.6 Discussion  
7KH'%'1DGMXVWVDQGDGDSWVEXUQLQJGHFLVLRQVDSSURSULDWHO\WR
PRVWZHDWKHU FRQGLWLRQV WKH EHOLHI RI WKH GU\QHVV RI WKH FDQH
KRZ PXFK FDQH LV DOUHDG\ EXUQHG DW WKH WLPH RI PDNLQJ WKH
GHFLVLRQDQGWKHGHOLYHU\VWDWXV

5.6.1 Weather. 7KH '%'1 FRUUHFWO\ DQWLFLSDWHV LPSHQGLQJ
GUL]]OHE\EXUQLQJWZRGD\ۑVFDQHVRWKDWGHOLYHULHVFDQFRQWLQXH
WR VRPH H[WHQW GXULQJ WKH ZHW ZHDWKHU  :KHQ EHUJ ZLQG
FRQGLWLRQVLHKLJKZLQGDQGKLJKWHPSHUDWXUHDUHIRUHFDVWWKH
PRGHOFRUUHFWO\VXJJHVWVWKDWRQHVKRXOGQRWEXUQWKDWGD\ IRU
IHDURIUXQDZD\ILUHV+RZHYHULQUHDOLW\JURZHUVZRXOGKDYH
DQWLFLSDWHG VXFK FRQGLWLRQV RQ SUHYLRXV GD\V DQGZRXOG KDYH
EXUQHGLQDGYDQFHRIEHUJZLQGVVRWKDWGHOLYHULHVFRXOGFRQWLQXH
LQVSLWHRIWKHKLJKZLQGV%HFDXVHRIWKH0DUNRYSURSHUW\ZKHUH
RQHFDQRQO\XVHLQIRUPDWLRQIRUWKDWGD\DQGWKHSUHYLRXVGD\
WKH'%'1LVQRWDEOHWRUHSUHVHQWWKLVJURZHUEHKDYLRU

5.6.2 Status of deliveries. ,I WKHJURZHUۑVRSLQLRQRIFDQH LVGU\
DQG GHOLYHULHV DUH EHKLQG WKH GHFLVLRQ WR EXUQ QRGH NHHSV RQ
VXJJHVWLQJ WKDW WKH JURZHU VKRXOG EXUQ FDQH WR FDWFK XS
+RZHYHULIWKHUHLVDSUREOHPZLWKWKHWUDQVSRUWWRWKHPLOORU
WKHPLOOKDV VWRSSHGZRUNLQJ HJEUHDNGRZQRUPDLQWHQDQFH
WKHJURZHUVKRXOGRYHUULGHWKHGHFLVLRQWREXUQE\QRWEXUQLQJ
DQG NHHS WUDFN RI KRZ PDQ\ GD\V EHKLQG KH DFWXDOO\ LV ZLWK
GHOLYHULHV

7KHUHDUHQRWHQRXJKVWDWHVLQWKH۔6WDWXVRIGHOLYHULHVەQRGHWR
UHIOHFWH[DFWO\KRZPDQ\GD\VEHKLQGZLWKGHOLYHULHVWKHJURZHU
LV7KHQRGHPHDVXUHVXSWRWZRGD\VEHKLQGDQGDQ\WKLQJPRUH
WKDQWKDWLVFODVVLILHGDV۔0RUHWKDQGD\VEHKLQGە7KHGHFLVLRQ
WREXUQWUHDWVWKLVODVWVWDWHDVLILWZHUHUHSUHVHQWLQJWKUHHGD\V
EHKLQG7KHJURZHURUXVHURIWKHQHWZRUNQHHGVWRUHPHPEHU
KRZPDQ\ GD\V EHKLQG KH LV DQG LI LWۑV PRUH WKDQ WZR GD\V
FRQVLVWHQWO\FKRRVHWKH۔0RUHWKDQWZRGD\VEHKLQGەVWDWHXQWLO
GHOLYHULHV DUH PRUH RQ WUDFN LH  RU IHZHU GD\V EHKLQG  ,Q
DGGLWLRQ RQH FRXOG EH LQ WKH ۔ GD\ DKHDGە VWDWH DV ZDV
GHPRQVWUDWHGLQWKHUGVFHQDULR

:KLOHWKH'%'1GRHVSUHGLFWWKHFDQHDOUHDG\EXUQHGJLYHQWKH
SUHYLRXV GD\ۑV GHOLYHULHV DQG WR VRPH H[WHQW WKH VWDWXV RI
GHOLYHULHVWKHUHDUHQRFKHFNVEXLOWLQWRWKHPRGHOWRHQVXUHWKDW
WKH XVHU UHFRUGV D SODXVLEOH DPRXQW RI FDQH GHOLYHUHG RQ WKH
SUHYLRXVGD\)RUH[DPSOHLIWKHUHZDVQRFDQHDOUHDG\DYDLODEOH
\HVWHUGD\DQGGD\ۑVFDQHZDVEXUQHGWKHUHLVQRVDIHW\QHWWR
IRUFHWKHXVHUWRVHOHFWHLWKHURUGD\ۑVFDQHDVEHLQJGHOLYHUHG
\HVWHUGD\

5.6.3 Cane quality. 7KH'%'1PHUHO\JLYHVDQLQGLFDWLRQRIKRZ
PXFKFDQHLVDOUHDG\EXUQHGDWWKHVWDUWRIWKHGD\,WGRHVQRW
NHHSWUDFNRIZKHQWKDWFDQHZDVEXUQHG)RUH[DPSOHGD\ۑV
FDQHEXUQHGWKUHHGD\VDJRLVUHJDUGHGDVHTXLYDOHQWWR GD\ۑV
FDQH EXUQHG \HVWHUGD\ RU  GD\ۑV FDQH EXUQHG WKH GD\ EHIRUH
\HVWHUGD\DQGGD\ۑVFDQHEXUQHG\HVWHUGD\7KLVPHDQVWKDWWKH
JURZHUQHHGVWRNHHSWUDFNRIWKHFDQHTXDOLW\DVZHOODVWKHVWDWXV
RIGHOLYHULHV,ILWVKRXOGRFFXUWKDWGHOLYHULHVZHUHQRWSRVVLEOH
FDQHZRXOGKDYHWREHDEDQGRQHGDQGWKHJURZHURUXVHUZRXOG
KDYH WR RYHUULGH WKH DPRXQW RI FDQH DOUHDG\ EXUQHG DW WKH
EHJLQQLQJRIWKHGD\

5.6.4 Harvesting.  7KH '%'1 GRHV QRW H[SOLFLWO\ PRGHO WKH
KDUYHVWLQJRIWKHFDQHHJODERUPDFKLQHDYDLODELOLW\,WLVDOVR
NQRZQWKDWLQZHWZHDWKHUILHOGVFDQEHLQDFFHVVLEOH>@ZKLFK
IXUWKHUGHOD\VWKHGHOLYHU\SURFHVV+RZHYHUWKHVHLVVXHVDUHQRW
FRYHUHGLQWKLVPRGHO

5.6.5 Evaluation of the scenarios.$VXPPDU\RIWKHVFHQDULRVDQG
FKDUDFWHULVWLFVIRUHYDOXDWLRQFDQEHVHHQLQ7DEOH7KH'%'1LV
VXLWDEOH IRU UHSUHVHQWLQJ GHFLVLRQV EDVHG RQ XQFHUWDLQ
LQIRUPDWLRQIRUH[DPSOHWKHJURZHUۑVEHOLHIRIWKHZHDWKHUDQG
RI WKH GU\QHVV RI FDQH  7KH ILUVW WZR VFHQDULRV GLG QRW OHQG
WKHPVHOYHV WR SURDFWLYH DGDSWLYHQHVV EXW VFHQDULRV  DQG 
VKRZHG KRZ WKH JURZHU DQWLFLSDWHG WKH LPPLQHQW UDLQ DQG
EXUQHGPRUHFDQHLQDGYDQFH+RZHYHUVFHQDULRVHH)LJXUH
GLGQRW IDUHZHOOZLWKSURDFWLYH DGDSWLYHQHVV DV WKHUHZDVQRW
HQRXJKZDUQLQJ IRU WKH IDUPHUWREXUQEHIRUH WKHVWURQJZLQG
PDWHULDOL]HG VHH 7DEOH  2Q WKH UHDFWLYH DGDSWLYHQHVV VFRUH
VFHQDULRV  DQG  UHDFWHG ZHOO DQG FDXJKW XS WKH GHOD\HG
Table 2: Evaluation of scenarios 
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GHOLYHULHVZKLFKLVZKDWDJURZHUZRXOGDLPWRGR6FHQDULRV
DQGDOVRDWWHPSWHGWRFDWFKXSZLWKGHOD\HGGHOLYHULHVEXWGLG
QRWGRZHOOZLWKWKHUHSUHVHQWDWLRQRIWKHVWDWXVRIGHOLYHULHVRQH
GD\DKHDGRUPRUH WKDQWZRGD\VEHKLQG 7KHJURZHUZRXOG
W\SLFDOO\ NQRZ WKH VWDWXV RI KLV GHOLYHULHV  ,I KH LQVHUWHG WKH
FRUUHFW YDOXHV LQWR WKH QHWZRUN DV HYLGHQFH WKH PRGHO ZRXOG
ZRUNDVH[SHFWHG0RUHVWDWHVIRUEHLQJDKHDGFRXOGEHDGGHGWR
WKH PRGHO HJ  GD\ DKHDG  GD\V DKHDG  +RZHYHU LI
FRQVLGHULQJ DGGLQJ PRUH VWDWHV UHSUHVHQWLQJ WKH ODWHQHVV RI
GHOLYHULHVLWLVXQFOHDUKRZPDQ\ZRXOGEHQHHGHG%\WKHHQG
RIVFHQDULRWKHJURZHUZDVIRXUGD\VEHKLQGEXWLQIDFWUDLQ
FRQWLQXHGIRUWKHUHVWRI2FWREHUDQG1RYHPEHULQ7KLVLV
DSDUWLFXODUO\SHUWLQHQWLVVXHDVHDFKDGGLWLRQDOVWDWHPHDQVWKDW
PDQ\PRUHFRQGLWLRQDOSUREDELOLWLHVQHHGWREHREWDLQHGIRUWKH
GHFLVLRQWDEOH

$OO ILYH VFHQDULRV VKRZHG G\QDPLVP LQ WKDW WKH GHFLVLRQ WRRN
GLIIHUHQWWLPHVWHSVLQWRDFFRXQWOHWWLQJWKHYDULDEOHVIRUWLPHt+1
EH DIIHFWHG E\ WKH YDULDEOHV IRU WLPH t  ,Q DGGLWLRQ LQ DOO ILYH
VFHQDULRV WKHPRGHO UHSUHVHQWV WKH JURZHUۑV H[SHULHQFH JRDOV
FRQVWUDLQWVDQGSUHIHUHQFHVWKHVHDUHUHIOHFWHGLQWKHFRQGLWLRQDO
SUREDELOLW\WDEOHVDQGWKHXWLOLWLHVRIWKHPRGHO

5.6.6 Design decisions and tradeoffs.:KHQUHSUHVHQWLQJWKHZD\
KXPDQVPDNHGHFLVLRQVWKH'%'1KDVPDUNHGDGYDQWDJHVRYHU
WKH QRUPDO VWDWLF %'1 LQ WKDW WKH ODWWHU DVVXPHV WKDW DOO WKH
LQIRUPDWLRQQHHGHGIRUWKHGHFLVLRQLVDWKDQGDQGWKHGHFLVLRQ
ZLOOEHPDGHRQFH:LWK'%'1VWKHSURFHVVIROORZHGE\KXPDQV
ZKHQ PDNLQJ GDLO\ GHFLVLRQV LV PRUH FORVHO\ PDWFKHG  $V
GLIIHUHQW LQIRUPDWLRQ EHFRPHV DYDLODEOH WKH GHFLVLRQ FDQ EH
DGDSWHGWRWKHQHZFLUFXPVWDQFHV

:KHUH GDWD ZDV DYDLODEOH LW ZDV XVHG WR SRSXODWH WKH &37V
8QIRUWXQDWHO\ WKHUH ZHUH PDQ\ &37V ZKLFK QHHGHG WR EH
FRPSOHWHGPDQXDOO\%XVLQHVVUXOHVZHUHXVHGWRJHQHUDWH&37V
WRNHHSWKHPFRQVLVWHQW

:KHQGHVLJQLQJ WKLVPRGHO LWZDV UHDOL]HG WKDW WKHKDUYHVWLQJ
GHFLVLRQDFWXDOO\ VWDUWHGZLWKDGHFLVLRQ WREXUQWKHFDQH 7KH
EXUQLQJ GHFLVLRQ LV WKH PRUH FRPSOH[ SDUW RI WKH KDUYHVWLQJ
GHFLVLRQ VR WKLV DVSHFW ZDV HPSKDVL]HG LQ WKH PRGHO  2WKHU
DVSHFWV RI KDUYHVWLQJ FDQ EH DGGHG ODWHU XVLQJ WKH LWHUDWLYH
NQRZOHGJHHQJLQHHULQJDSSURDFK>@

7KH'%'1PRGHOSUHVHQWHGDQGHYDOXDWHGKHUHVKRZVWKDWWKLV
IRUPDOLVP LV D SURPLVLQJ ZD\ RI UHSUHVHQWLQJ G\QDPLF DQG
DGDSWLYH GHFLVLRQ PDNLQJ  7KLV LQLWLDO PRGHO QHHGV VHYHUDO
HQKDQFHPHQWVIRUH[DPSOHILQGLQJDZD\RISURDFWLYHO\DGDSWLQJ
WR ORQJWHUPZHDWKHU IRUHFDVWV LQFUHDVLQJWKHQXPEHURIVWDWHV
UHSUHVHQWLQJWKHVWDWXVRIGHOLYHULHVDQGUHGXFLQJWKHQXPEHURI
DUFVHQWHULQJWKHGHFLVLRQQRGH>@ ,QDGGLWLRQWKHPRGHO
QHHGVWREHHYDOXDWHGE\WKHJURZHUVDWWKHPLOO>@




6 CONCLUSIONS 
:KHQPDNLQJ GDLO\ RSHUDWLRQDO GHFLVLRQV KXPDQV DQG LQ WKLV
FDVH  VXJDUFDQH JURZHUV GR QRW PDNH D GHFLVLRQ RQFH DQG
LPSOHPHQW LW >@  5DWKHU WKH\ DLP IRU D JRDO VWDUW ZRUNLQJ
WRZDUGVLWDQGPRQLWRUZKHUHWKH\KDYHJRWWRDQGDGMXVWZKHUH
QHFHVVDU\>@7KH'%'1LVDQDSWPRGHOLQJIRUPDOLVPWRXVHWR
PRGHOWKLVG\QDPLFDQGDGDSWLYHGHFLVLRQPDNLQJ

$ '%'1ZDV XVHG WRPRGHO WKH EXUQLQJ GHFLVLRQV WDNHQ E\ D
VXJDUFDQH JURZHU SULRU WR KDUYHVWLQJ  7KHPRGHO UHSUHVHQWHG
XQFHUWDLQW\ G\QDPLVP DQG WKH JURZHUۑV H[SHULHQFH JRDOV
FRQVWUDLQWVDQGSUHIHUHQFHVZHOO :KHQUDLQZDVH[SHFWHG WKH
PRGHOSURDFWLYHO\DGDSWHGWKHEXUQLQJUHJLPHWRWKHZHWZHDWKHU
,WZDVQRW DVJRRGDW DGDSWLQJSURDFWLYHO\ WRKLJKZLQGV  7KH
PRGHOUHDFWLYHO\DGDSWHGWRGHOD\VLQGHOLYHU\E\FDWFKLQJXSRU
WU\LQJ WR GR VR  +RZHYHU LI GHOLYHULHV ZHUH RYHU WZR GD\V
EHKLQGWKHJURZHURUWKHPRGHOXVHUZRXOGKDYHWRUHPHPEHU
H[DFWO\ KRZ PDQ\ GD\V EHKLQG DQG RYHUULGH ZKDW WKH PRGHO
VXJJHVWHG  2YHUDOO '%'1V DUH D SURPLVLQJ DSSURDFK WR
UHSUHVHQWLQJVXFKDGDSWLYHDQGG\QDPLFGHFLVLRQV

7KHFRQWULEXWLRQVRI WKHSDSHUDUHWKH'%'1ZKLFK UHSUHVHQWV
WKHFRPSOH[DQGG\QDPLFGHFLVLRQVWDNHQE\WKHJURZHUDQGWKH
HYDOXDWLRQRIWKHPRGHO'%'1VDUHQRWFRPPRQO\FLWHGRUXVHG
LQWKHOLWHUDWXUHDQGWRRXUNQRZOHGJHQRRQHKDVSURSRVHGXVLQJ
WKHP IRU PRGHOOLQJ JURZHUVۑ SUHKDUYHVW EXUQLQJ GHFLVLRQV RU
DQ\WKLQJHOVHUHODWLQJWRWKHVXJDUFDQHVXSSO\FKDLQ7KLVNLQGRI
PRGHOFRXOGEHFRQVLGHUHGIRURWKHURSHUDWLRQDOG\QDPLFDGDSWLYH
GHFLVLRQVLQWKHIDUPLQJGRPDLQDVWKH'%'1UHSUHVHQWVDVHULHV
RIGHFLVLRQVDVKLJKOLJKWHGE\'D\G«et al>@

)XWXUHZRUNLQFOXGHVIXUWKHUPRGHOUHILQHPHQWPRGHOYDOLGDWLRQ
ZLWK VWDNHKROGHUV DQG XVLQJ WKLV PRGHO LQ DQ DJHQWEDVHG
VLPXODWLRQRIWKHVXJDUFDQHVXSSO\FKDLQ>@ZKHUHWKLVGHFLVLRQ
PDNLQJPRGHOZLOOEHLQFRUSRUDWHGLQWRWKHFRJQLWLYHPHFKDQLVP
RIDJURZHUDJHQW
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